Objectives: To evaluate possible associations between body mass index (BMI) at 4 years of age, current and previous dietary intakes and parental BMI. Methods: A follow-up of dietary intake and anthropometry in 127 4-year-old children corresponding to 54% of children who completed an initial intervention study at 18 months of age. Results: Fourteen percent of the girls and 13% of the boys were overweight (age-adjusted BMIX25) and 2% of the girls and 3% of the boys were obese (age-adjusted BMIX30). Thirty-four percent and 9% of the fathers and 19 and 7% of the mothers were overweight and obese, respectively. BMI at 6-18 months was a strong predictor of BMI at 4 years. Univariate regression analyses revealed that intake of protein in particular, and also of total energy and carbohydrates at 17/18 months and at 4 years, was positively associated with BMI at 4 years. Although BMI at 6-18 months was the strongest predictor of BMI at 4 years, in the final multivariate models of the child's BMI, protein intake at 17-18 months and at 4 years, energy intake at 4 years and the father's-but not the mother's-BMI were also independent contributing factors. Conclusions: Among these healthy children, BMI at 4 years of age tracked from 6 to 18 months of age and were associated with previous and current protein intake as well as parental BMI, particularly that of the father.
Introduction
Body mass index (BMI, kg/m 2 ) is used as an estimate of nutritional status, and high BMI is an indicator of overweight and obesity (Karlberg et al., 2001) . Overweight and obesity are increasing not only in adults, but also in children (Burke et al., 2001; Petersen et al., 2003; Blomquist and Bergström, 2007) . The average prevalence of overweight, including obesity, in school-age children is 28% in the United States and 26% in Europe (Wang and Lobsteinm, 2006) . The prevalence in Sweden is 17-24% in 4-to 5-year olds (Blomquist and Bergströmm, 2007; Huus et al., 2007) . In line with the increasing prevalence of overweight children, the proportion of obese children was increasing, particularly among girls (Petersen et al., 2003; Ekblom et al., 2004; Blomquist and Bergström, 2007) and in a low socioeconomic areas (Blomquist and Bergström, 2007) . During the last years it seems as if the increase has declined or even stopped in 10-to 11-year-old girls (Sjöberg et al., 2008) .
Promotion of breastfeeding and physical activity of children are recognized factors in obesity prevention. Having an obese mother doubles the risk of obesity in 2-to 4-yearold children (Whitakerm, 2004) , but the risk increases more than 10-fold if both parents are obese (Reilly et al., 2005) . Children often show signs of becoming overweight during early childhood, a period when preventive strategies are rarely initiated. Designing effective strategies for obesity prevention is difficult as long as the risk factors are not fully understood (Saunders, 2007) .
There is an ongoing debate whether low-carbohydrate, high-fat and high-protein diets should be recommended for children, rather than the current recommendation on low-fat and high-carbohydrate diets (Silfverdal and Hernell, 2008; Demol et al., 2009) . In fact, it has been suggested that low-fat diets are associated with an increased risk of childhood obesity (Garemo and Strandvik, 2006) . Therefore, we wanted to prospectively analyze data regarding dietary intake and BMI. The aim of our study was to identify possible associations between the BMI of Swedish children at 4 years of age and the early and current distribution of macronutrients in their diet (from 12 months to 4 years), as well as the BMI of their parents.
Subjects and methods

Study cohort
This was a follow-up of 127 healthy children (63 girls and 64 boys) at 4 years of age followed prospectively from 6-18 months of age. (Lind et al., 2004) . Full details are published elsewhere (Lind et al., 2003; Ö hlund et al., 2008) . Of the original 300 children, 234 (80%) completed monthly dietary and anthropometric records from 6 to 18 months of age. These children were invited to participate in the current longitudinal follow-up study at 4 years of age, starting in 2001. Parents of 127 children (54%) consented to renewed dietary, anthropometric and biochemical measurements.
The participating 4-year olds were not different from the nonparticipating children with respect to weight and length at birth and at 12 months, or with respect to energy and nutrient intake at 12 months. However, a higher proportion of parents had university education among the families who participated in the 4-year follow-up compared with those who did not (33 vs 25%, Po 0.001).
The study was approved by the local Ethics Committee of the Faculty of medicine, Umeå University, Sweden.
Dietary assessment
We assessed the children's dietary intake using monthly 5-day food records during the initial 6-18 months of age and one 5-day record at the 4 years follow-up as previously described in detail (Lind et al., 2003; Ö hlund et al., 2008) . The duration of breastfeeding was used for analyses of associations between breastfeeding and BMI. Energy and nutrient intake were calculated using the MATs S406 software program (Rudans Lättdata, Västerås, Sweden), which uses the food composition database from the Swedish National Food Administration, complemented with special products for children and other products not included in the original database. Dietary data are shown as mean daily intakes at 12, 17-18 months and 4 years. The 18-months registration was the last in the initial follow-up. To compensate for those with missing dietary information at 18 months (n ¼ 34), in the present analysis, we included the dietary registration at 17 months (n ¼ 15). When both records were present, we used the mean intake of both 17 and 18 months. Hence, the notation 17-18 months. To evaluate the accuracy of the reported energy intake (EI), we calculated the ratio of EI to basal metabolic rate at 4 years for girls and boys separately.
Anthropometric data and biochemical analyses Between 6 and 18 months, weight to the nearest 0.01 kg was measured using a Seca 835 digital baby scale (Hamburg, Germany) and recumbent length was measured to the nearest mm using a Harpenden infantometer (CMS Weighing Equipment, London, UK). At 4 years, both children and their parents were examined. Weight to the nearest 0.1 kg using a Seca 835 digital adult scale and height to the nearest mm was measured using a CMS stadiometer (CMS Weighing Equipment). BMI was calculated and cutoff levels for overweight/ obesity in children were set for girls and boys separately using the definition of Cole et al. (2000) . These age-adjusted BMI limits for overweight and obesity correspond to those used for the parents; that is, BMIX25 and X30 kg/m 2 , respectively. Mid-upper arm circumference was measured using a plastic measuring tape. Subcutaneous fat was measured by subscapular and triceps skinfold thickness using a Harpenden skinfold caliper (Baty International, West Sussex, UK) and fat mass was calculated using the equations of Slaughter et al. (1988) .
Statistical analyses
Statistical analyses were performed using SPSS 15.0 (SPSS, Chicago, IL, USA). Results are presented as means (s.d.). BMI z-scores were calculated using the WHO growth standards (WHO, 2006) . Differences between genders were analyzed by t-test. Skinfold measures were skewed, and for that reason they were log-transformed in the analyses. Pearson's correlation coefficient was used for associations between the child's BMI at different ages (tracking) and parental BMI (measured when the child was 4 years old). Linear regression analyses were used for associations between BMI z-scores at 4 years and EI and macronutrients at 12, 17-18 months and 4 years. Independent variables with Po0.1 in the univariate analysis were included in two models of multivariate analysis. The macronutrient intake was calculated as absolute intake in grams per day in Model 1, and as relative intake; that is, proportions of total energy intake (E%) in Model 2. The level of significance was set at Po0.05. differences between girls and boys BMI. Mean (s.d.) BMI was significantly higher among fathers than mothers 25.3 (3.1) vs 23.8 (3.5), Po0.001. Of the fathers, 34 and 9% were overweight and obese, and of the mothers, 20 and 7%, respectively. Furthermore, BMI at 4 years tracked significantly over time from 6 months of age, and was associated with parental BMI (Table 2) .
Dietary intake
The mean (s.d.) duration of breastfeeding was 8.7 (3.4) months; two children had never been breastfed. At 12 months, EI and intake of macronutrients were higher in boys than in girls (Table 3) . At 17-18 months, the carbohydrate intake of boys was higher than that of girls, and at 4 years of age, the total intake of dietary fat was higher in boys. The mean intakes of energy and most nutrients were equal to or above current recommendations, but at 4 years, intakes of vitamin D and selenium were low (5.1 and 20 mg, respectively) as compared with Nordic Nutrition Recommendations (NNR, 2004) . The calculated ratio of mean EI to basal metabolic rate at 4 years was 1.61 for both girls and boys.
At 4 years, milk products, bread, spreads and meat products were eaten by all children, as were sweets (candy, sugar, ice-cream and soft drinks), the latter being the main source of energy accounting for 17% of the total energy intake ( Figure 1 ). Milk products were the second most important source of energy, and also constituted the main source of protein, accounting for 30% of the mean daily protein intake (Figure 2) . Intake of n-6 fatty acids was positively associated with total EI at 4 years (r ¼ 0.556, Po0.001) as well as with total dietary fat, n-3 fatty acid and protein intake (r ¼ 0.613, 0.508 and 0.369, respectively; Po0.001). The n-3 fatty acid intake was associated with total fat intake and total EI (r ¼ 0.271 and 0.216, respectively; Po0.05), but not with protein intake.
Associations between anthropometrics and dietary intake Protein intake at 12 months correlated with weight (r ¼ 0.21, P ¼ 0.02), but not height, at 4 years (data not shown), whereas the protein intake at 17-18 months correlated with both weight and height at 4 years (r ¼ 0.36, P ¼ 0.001 and r ¼ 0.24, P ¼ 0.03, respectively).
Univariate regression analyses revealed that BMI z-score at 4 years was positively associated with total EI at 17-18 months, and 4 years; protein intake at 17-18 months and 4 years; carbohydrate intake at 17-18 months and 4 years ( Table 4) . With respect to classes of fatty acids, there was a positive association between BMI z-score at 4 years and the n-6 fatty acid intake at 4 years (Table 4) , but not with n-3 fatty acid intake (data not shown). Intake of protein (E%) and energy from milk at 4 years was positively associated with BMI z-score at 4 years (r ¼ 0.214, Pp0.05 and r ¼ 0.212, Pp0.05, respectively).
Final analysis
In the final multivariate regression analysis, associations between the child's BMI z-score and dietary variables and parental BMI with Po0.1 were included in two models. In model 1, absolute intake of macronutrients and EI were analyzed, and in model 2, E% was used (Table 5 ). According to model 1, absolute E% at 17-18 months and 4 years as well and the father's BMI was positively associated with the child's BMI z-score at 4 years. According to model 2, EI at 4 years and E% at 4 years, as well as father's BMI was positively associated with the child's BMI z-score at 4 years. Thus, regardless of model, the E% at 4 years and father's BMI remained associated with the child's BMI.
Discussion
The main findings of our study were the tracking of BMI over time from 6 months until 4 years of age on the one hand, and the positive associations between the child's BMI at 4 years and the intake of energy at 4 years, protein at Cutoff for overweight and obesity as defined by Cole et al. (2000) ; that is, age-and gender-adjusted BMIX25 andX30, respectively. b Geometric means. ***Pp0.001, *Pp0.05 for differences between boys and girls. 17-18 months and 4 years of age, as well as the parents' BMI, particularly that of the father, on the other. The reported EI and nutrient intake for the children in our study were in accordance with current Swedish and Nordic recommendations (NNR, 2004) . However, protein intake calculated as gram per kilo body weight (g/kg) was threefold higher compared with WHO's average requirements and safe levels for protein intake in children (WHO, 2007) . Our food intake data are also comparable with data from previous Swedish studies (The National Food Association between BMI and fat intake I Öhlund et al Administration, 2006; Garemo et al., 2007a, b) . Physical activity was not studied, but it is a recognized factor in estimating energy requirements. To evaluate the accuracy of the reported EI in this study, we calculated the ratio of EI to basal metabolic rate in 4-year-old girls and boys separately. We found a mean value of 1.61 for both girls and boys, which support the validity of our data (Livingstone and Black, 2003) . Body mass index at 4 years was positively associated with subcutaneous fat (skinfolds and fat mass percent) at 4 years, confirming that high BMI is associated with higher fat mass in children and in adults. Using age-adjusted BMI as the definition, 16% of the children in our study were classified as being overweight or obese. These figures are comparable Only associations with Po0.1 are shown. Nutrients analyzed: total energy intake at 12, 17-18 months and 4 years, protein intake (E% and total) at 12, 17-18 months and 4 years, fat intake (E% and total) at 12, 17-18 months and 4 years, n-6 and n-3 fatty acids at 4 years and carbohydrate (E% and total) at 12, 17-18 months and 4 years. In model 1, macronutrients are expressed as total amount in gram (g), and in model 2 they are expressed as percent of energy (E%). Independent variables entered in the analyses were variables with Po0.1 in the univariate regression analyses; that is, model 1; total energy intake at 17-18 months and 4 years, protein intake (g) at 17-18 months and 4 years, carbohydrate (g) intake at 17-18 months and 4 years, n-6 fatty acid (g) intake at 4 years and maternal and paternal BMI. Model 2, total energy intake at 17-18 months, and 4 years, protein intake (E%) at 17-18 months and 4 years, carbohydrate (E%) intake at 12 months and maternal and paternal BMI (measured when the child was 4 years)±s.e.
with those reported in earlier Swedish studies (Petersen et al., 2003; Ekblom et al., 2004; Blomquist and Bergström, 2007) , although we found no differences in BMI between girls and boys. However, the girls had significantly greater fat mass than did the boys. Possible dietary risk factors for overweight and obesity in children are high protein intake during infancy (RollandCachera et al., 2001; Hoppe et al., 2004b; Aeberli et al., 2007; Koletzko et al., 2009) , high EI and the quality of dietary fat (Aggett et al., 1994; Garemo et al., 2007a, b) . When we included the children's BMI z-score, dietary intake data and parental BMI in a multivariate linear regression model, only the associations between EI, protein intake and the father's BMI remained independent risk factors. High protein intake early in life has been proposed to cause obesity by increasing the insulin and insulin-like growth factor-1 levels (RollandCachera et al., 1995) and by stimulating the food intake (Hermanussen and Tresguerres, 2007) . After a protein-rich meal most amino acids increase and both free glutamate and leucin are suggested to have a specific impact on appetite, not only by taste but also by stimulating the central nervous appetite regulation. The interaction between protein intake and BMI seems to be age-dependent with maximum at 10-12 years, and explaining up to 13% of the BMI variance in young adolescents (Hermanussen and Tresguerres, 2007) .
It has been suggested that not only the quantity of protein intake impacts on BMI later in childhood, but also the quality of the protein at specific time points. Milk intake at 12 months and 5-6 years was associated with BMI at 7 years of age (Gunther et al., 2007) . Several studies have shown that E% from cow's milk but not from meat stimulate the secretion of insulin and insulin-like growth factor-I1 in children (Hoppe et al., 2004a, c; Gunther et al., 2007) . In this study, milk intake was an important source of both energy and protein, and we confirm a positive relationship between intake of milk at 4 years and BMI z-score at 4 years.
A major source of energy is dietary fat. In this study, we found no relationship between BMI and dietary fat intake, expressed as intake of percent of the total EI or total fat, SAFA, MUFA, PUFA or n-3 fatty acids. In our study, the only significant univariate association between BMI and fat intake was with n-6 fatty acids, but this association did not remain significant in the multivariate regression analysis. Reduced intake of dietary fat, particularly of saturated fat, is generally recommended as part of a healthy diet to reduce the risk of overweight and cardiovascular disease (Aggett et al., 1994) . However, these recommendations have been debated (Silfverdal and Hernell, 2008; Demol et al., 2009) , and were disputed in a recent study on 4-year olds, where low-fat intake seemed to be associated with an increased risk of overweight (Garemo and Strandvik, 2006; Garemo et al., 2007a) . This study could not confirm the latter conclusion. We used BMI z-score and nutrients as continuous variables, which may result in increased statistical power compared with categorization of variables, when evaluating data sets with small sample sizes (Altman and Royston, 2006) . Other possible reason for differing results between the studies are differences in how macronutrient intake was calculated, and which quantifying measure was used in the analysis; that is, intake expressed as gram per kilo body weight (g/kg BW), as proportion of total energy intake (E%) or as absolute intake (g). If expressed as g/kg BW, the intake becomes relatively lower with increasing body weight, making it difficult to use in analyses of groups with different body compositions. Using E%, the intake of fat depends on the intakes of protein and carbohydrates; for example, increased carbohydrate intake reduces the fat E%, even if the total intake of fat in grams is constant. For these reasons, we compared total intake (g) and E%. In model 1, absolute E% at 17-18 months and 4 years and the father's BMI was positively associated with the child's BMI z-score at 4 years. Compared with model 2, E% at 4 years but not 17-18 months, remained positively associated with the child's BMI z-score at 4 years as well as the father's BMI. In addition, in model 2 but not model 1, EI was associated with BMI z-score at 4 years. As intake of protein expressed as E% is associated with the E% of dietary fat and carbohydrates, the collinearity may be biased. This is an important factor to consider in nutritional studies (Elmståhl and Gullberg, 1997) . For that reason, we propose that total intake of macronutrients in model 1 is more reliable.
However, regardless of model, E%, but not fat or carbohydrate, as well as the father's BMI remained associated with the child's BMI at 4 years.
We found a stronger association between a child's BMI and paternal BMI than with maternal BMI. To our knowledge, only a few studies have separately compared the association of maternal versus paternal BMI with their offspring's BMI (Williams, 2001; Mårild et al., 2004; Kivimaki et al., 2007) . However, our findings seem to be in accord with some previous observations (Burke et al., 2001 (Burke et al., , 2005 Mårild et al., 2004; Kivimaki et al., 2007) , although the reasons for a stronger association with paternal BMI remain to be explained. One possible explanation (Vogels et al., 2006) is maternal dieting. Dieting, as well as fruit and vegetable consumption, is more common in young women than in young men. On the other hand, young men eat more meat and drink more milk products; that is, foods that are linked to higher protein intake (Roos et al., 2001; Von Post-Skagegard et al., 2002) . Another possible reason for the association between father's and child's BMI in this study group is that the mean BMI was higher in fathers than in mothers, as were the proportion of overweight and obesity. This affects the statistical power.
A main conclusion from this study is that children's BMI tracked over time and was associated with protein intake, as well as with parental BMI, particularly that of the father. Another conclusion is that protein intake in early childhood should be reduced in Western countries, such as Sweden, as a preventive strategy. Finally, we confirm the importance of early family intervention and promotion of a healthy lifestyle aiming at preventing obesity later in life.
